Background: The potential effects of two parameters of climatic change conditions (temperature and relative humidity) on the population dynamics of the olive fly across the two ecological areas in Egypt were studied. The olive trees in El-Behera Governorate are more affected by the olive fly compared to the olive trees in the orchard of El-Fayoum Governorate. In this study, the character of climate change in influencing the dynamics of insect population and associated parasites was discussed at the regional level. Results: The results exhibited that the olive trees in the coast governorate were more susceptible to the olive fly than the inner governorate. The parasitism percentage was recorded 41.7 and 46.4% at the beginning of the seasons 2016 and 2017, respectively in El-Fayoum Governorate. In El-Behera Governorate, the maximum parasitism percentage was recorded 49.5% (2016 season), while the 2017 season, the parasitism percentage was recorded 50.4%. The majority of the ordinary parasite was Psyttalia concolor in the two regions. Conclusion: The study clarifies that there is a positive correlation between B. oleae abundance and the effects of temperature and its parasitoid, Psyttalia concolor. Further, there is no significance found between the olive fly and relative humidity and its parasitoid populations.
Background
Olive fruit fly, Bactrocera oleae (Rossi) (Diptera: Tephritidae), is the majority fatal insect pest for the cultivated olive fruits (Olea europaea L.) worldwide. The widespread distribution of this pest is likely due to the geographical spread of olive growing operations (Abd El-Salam et al. 2018) . The olive fruit flies caused grave qualitative and quantitative damage to the olive tree cultivation and consequences with economic and monetary losses (Neuenschwander and Michelakis 1979; Economopoulos et al. 1986; Pontikakos et al. 2012; Abd El-Salam et al. 2019 ). Kapatos and Fletcher (1986) stated that the olive fruit flies survive in more humid, cool climates and hot dry regions (Yokoyama et al. 2006; Ordano et al. 2015) . The optimum temperature of insect development is between 20.0 and 30.0°C. Earlier studies had confirmed the attendance of many natural enemies associated with this insect belong to the group of braconids in the subfamilies Opiinae. Among them, Psyttalia concolor (Szépligeti) (Hymenoptera: Braconidae) has been the most studied (Wang et al. 2011; Garantonakis et al. 2017 ). The climatic factors could have limited the success of the parasitism, e.g., low winter temperatures, which affect parasitoid survival and abundance of a fruit fly at the beginning of the summer (Delrio et al. 2005; Yokoyama et al. 2008; Benelli et al. 2012; Dimetry et al. 2013) .
The aim of work is to study the relationship between the population dynamics of the olive fly, Bactrocera oleae (Rossi) and efficacy of its parasitoid, Psyttalia concolor under the climatic changes in two different regions.
Methods

Location of the experiments
The study was conducted in two different regions: El-Fayoum Governorate is located on 100 km in the southwest of Cairo (Middle Egypt) and El-Behera Governorate is a coastal governorate, the city is located 160 km in the northwest of Cairo (Lower Egypt), in the middle of the western Nile Delta. The selected area was about one Feddan (4200 m 2 ) in each farm. Both farms were olive cultivar (Olea europaea L.) planted with Toffahi variety, the age of trees was 5 years and the tree height is about 3-4 m. The distance between every two trees about 5 m. This variety is used as pickled olives (not for oil production; it contains less than 15% oil, the pulp has large volume and thick). The dense of trees was about 175 trees/Feddan. The yard has suitable climatic conditions for growing olive trees. The chosen area was quite isolated from other orchards and not received any chemical insecticides or pruning processes for 2 years before starting the experiments. The soil of the experimental zone was sandy soil; the dripping irrigation system was applied. The prevailing temperature and the relative humidity % were provided by Central Laboratory for Agricultural Climate Research (CLACR).
Population dynamic of Bactrocera oleae and its larval parasitoids
In this study, the selected area in each orchard was divided into five plots (according to the original directions, North, West, East, South, and Middle). Each plot contains 35 trees. Five randomly trees were selected from each plot as replicates (25 trees representing 5 replicates).
Biweekly samples (20 fruit/tree were collected), i.e., 100 fruits/plot, put in paper bags for inspection in the laboratory of Pests and Plant Protection at the National Research Centre. Fruit samples were incubated under controlled conditions (20.0°C ± 2.0 and 65.0 ± 5.0 RH %) until the emergence of olive fruit fly adults or the internal parasitoid adults. The olive fruit fly adults and the parasitoids were identified by Dr. Hoda El-Behery, the associated professor of biological control in Pests and Plant Protection Department, National Research Centre. Field sampling were continued for two seasons (2016/ 2017), respectively. Also, the parasitism percentage of Psyttalia concolor was calculated according to Dimetry et al. (2013) as follow:
No:P:concolor parasitoid emergence from B:oleae larvae
Statistics analysis
The linear regression analysis was applied to explain the relationship between temperature, relative humidity, olive fly, and parasitoids. The statistical analysis carried out using SPSS program version 16.
Results
Population of Bactrocera oleae and its larval parasitoid under prevailing climatic changes B. oleae was survived in bitter winters as pupae in the soil while adults used the groves in top of olive tree as a shelter. In the harsh winter, the adults were not powerful to continue reproduction before olive fruits have become attractive for oviposition. The infestation occurred at the end of June and the beginning of July. High temperatures were suitable for the olive fly development (egg-laying and larval survival) at the beginning of July.
Results in Table 1 demonstrated that the olive trees in El-Fayoum Governorate were less affected than the second Governorate by the olive fly. In 2016 and 2017, the infestation began on 1 June in the two regions. El-Fayoum farm, the population B. oleae larvae was recorded 12.0 larvae/100 fruit at this time the temperature and the relative humidity were 28.0°C and 46.5 % R.H. (2016 season). While in 2017 season, the population recorded was 22.0 larvae/100 fruit at 27.0°C and 41.5% R.H. Subsequently, the olive fly larval numbers gradually increased and reached 51.0 and 66.0 larvae/100 fruits on 1 and 15 September 2016 and 2017 season, respectively. In 2016 season, the temperature and relative humidity were recorded 30.0°C and 62.5% R.H. While in 2017 season, it was 29.5°C and 54.0% R.H. (Fig. 1 ). In this period, the fruit's maturity, temperature, and relative humidity were optimum to insect development. In El-Behera farm, the data shows some changes, for example, the highest number of recorded larvae was 79.0/100 fruit 15 September 2016 season (29.0°C and 54.0% R.H.). In 2017 season, the highest number recorded larvae was 99.0/100 fruit on 15 September 2017 (27.0°C and 53.5% R.H.) ( Fig. 4) . Also, the highest numbers of olive fly larvae were concentrated during the months of July, August, and September in this region. The lower temperature and the higher humidity were recorded in El-Behera Governorate.
Temperature and relative humidity % illustrated in Figs. 1 and 4 for each region. In El-Behera farm, the recorded parasitoids are Cyrtoptyx latipes Rondani, Eurytoma martellii Domenichini, Pnigalio mediterraneus Ferriere, and Psyttalia concolor Szepligeti. Psyttalia concolor was the highest number on B. oleae larvae in the region.
The results in Table 1 indicated that the Psyttalia concolor parasitoid population fluctuated between 5.9 and 20.8% and 7.7-25.0% during 2016 and 2017 seasons, respectively (Figs. 2 and 3).
The previous list of the parasitoids restricted in Table  1 and collection from larval and pupal stages of the olive fly. The results show that the olive trees in El-Behera (humid or coastal zone) farm are more susceptible to olive fly than in El-Fayoum farm (dry or inner zone). This restriction confirmed that, with no use of chemical control, it will return the natural balance that has been lost with the current environmental pollution.
The importance of parasites in reducing the spread and damage of olive flies in El-Fayoum and El-Behera Governorate can be arranged in ascending order according to their spread and importance in the olive farms as follows: Psyttalia concolor; Pnigalio mediterraneus; Eurytoma martellii and Cyrtoptyx latipes and Psyttalia concolor; Cyrtoptyx latipes; Eurytoma martellii and Pnigalio mediterraneus, respectively. Exchange with data illustrated in Fig. 5 and 6 indicated that P. concolor was the highly efficient parasitoid and performance in the Wadi El-Natrun field during two successive years. The results presented that the percentage of the parasitism ranged between 2.5-37.5 and 10. Table 2 showed that the different significant were found between B. oleae and P. concolor populations in each region.
Effect of the climatic changes on B. oleae larval infestation by Psyttalia concolor parasitoid
The data illustrated in Figs. 1, 2, and 3 indicated that in El-Fayoum region, the average temperature and the relative humidity during the 2016 season was 25.9°C and 60.3% RH. While in the 2017 season, the average temperature was increased to record 27.2°C and the relative humidity was decreased to record 50.8% RH.
As for El-Behera region, the average temperature and the relative humidity during 2016 season was 23.9°C and 60.6% RH. In the 2017 season, the average temperature was increased to record 25.5°C while the relative humidity was decreased to record 56.8% RH (Figs.4, 5, and 6 ). Both two regions have a climatic change to cause an increase in temperature (+ 1.3 and + 1.6°C) and decrease in the relative humidity low (− 9.5 and − 3.8% R.H.).
In El-Fayoum Governorate, the data analysis in Table 2 showed that there was significant found between the temperature and B. oleae populations (r 2 = 0.492) during 2016 and 2017 seasons (r 2 = 0.457). The relative humidity did not have a significant effect during the two seasons. Also, in El-Behera Governorate, the temperature was significant with B. oleae populations and the relative humidity was also not significant (Table 3) .
The results in Table 2 showed that the linear regression for temperature and relative humidity % and For example, in El-Fayoum farm during 2016 season, t test indicated that the temperature effect was significant with B. oleae fly numbers while the relative humidity % was not significant. Also, there was significant with temperature and relative humidity % against P. concolor. In 2017 season, the significant effect for temperature and the relative humidity % were found with B. oleae fly and P. concolor parasitoid numbers. In El-Behera farm, during the two season, the results showed that the temperature effect was significant with B. oleae fly numbers while the relative humidity % was not significant with olive fly numbers. The temperature and the relative humidity % were significant against P. concolor parasitoid numbers (the noticed that El-Behera Governorat, the relative humidity % was highly than El-Fayoum Governorate, and this factor may be attributed to the idea that the olive fly was highly active in El-Behera Governorate). The results confirmed that the relative humidity % in the two regions during the two seasons have no significant effect on B. oleae fly numbers.
The results showed that more studies should take care of climate change and its relationship with the growth of insect pests and their natural enemies.
Discussion
The seasonal effects of weather and ongoing changes in climatic conditions would be a straight guide to modifications in dispersal and growth of insect species. The change of the environment affects the pest population fluctuation either directly or indirectly by the host physiology. Perović and Hrnčić (2013) stated that the activity of the fly was dependent on environmental conditions. Host availability and the chance of pest outbreaks are further determined by the incidence and quality of abiotic conflict. Also indirectly, the developmental success of insect herbivores was dependent on climate and environmental parameters influence on plant physiology. Insects and plants were exposed to complex interactions among changes in temperature and enlarged levels of CO 2 (Karuppaiah and Sujayanad 2012) .
Degrees of temperature was one of the abiotic factors that regulate olive fly abundance. High temperatures affect younger developmental stages. Mean daily temperatures above 30.0°C can destroy up to 80% of eggs and larvae. The optimal temperature for pupal development ranged from 22.0 to 25.0 o C. Air humidity is also important for the developmental stages of the fly, particularly, when it is combined with high temperatures over long periods. Olive fruits then lose their moisture, which makes the survival of the immature stages. Temperatures ranging from 20.0 to 26.0°C and monthly precipitation of 100 mm in July, August, and September were favorable for the progress of all stages of the olive fruit fly, while high summer temperatures cause to decrease in the population of B. oleae (Ricci and Ballatori 1982; Lopez-Villalta 1999) . Our results clearly showed that the adverse changes of the temperature and humidity led to disturbance of the equilibrium in the relationship between larval olive fly and its larval parasitoid Psyttalia concolor in both regions. Yokoyama et al. (2006) use the larval parasitoid, Psyttalia concolor, in controlling of olive fruit fly, B. oleae, in olives, Olea europaea. The relative humidity during the releases was significantly higher at the seaboard location. Mean percentage parasitism varies from 0.5 to 4.0 and 1.5 to 30.0 at the seaboard and internal valley locations, respectively. Varikou et al. (2014) stated that P. concolor is larval-pupal endoparasitoid able to assail as a minimum fourteen Tephritidae species at dissimilar wild and or cultivated plants, including pests of great economic importance such as Ceratitis capitata and B. oleae (Benelli et al. 2012) . El-Heneidy et al. (2001) stated that eight parasitoid species were found on the immature stages of the fly (larvae and pupae). All belong to order Hymenoptera: Cyrtoptyx latipes R., Cyrtoptyx sp., Eupelmus sp., Eurytoma sp., Eurytoma martellii M., Macroneura sp., Pnigalio agraules W., and Opius concolor in Egypt. All species were surveyed during July to November. The percentage of the parasitism reached 38.9 and 10.8% by Opius concolor and Pnigalio agraules, respectively. Olive fruit fly larvae are typically unavailable for parasitism when female P. concolor emerge in the spring. Garantonakis et al. (2017) stated that the parasitism percentage was significantly higher (> 30%) in medium fruit weight than light-weight varieties. The most favorable host fruit for P. concolor growth was Mastoidis variety.
A key factor regulating the life history pattern of insect pests is temperature. Because of the insects are poikilothermic (cold-blooded) organisms. Therefore, the developmental rates of their life stages were powerfully needy temperature (Cammell and Knight 1991; Fleming and Volney 1995) . Every degree rise in global temperature, the life cycle of insect would be shortened and quickened. The pests population would be high (Harrington et al. 2001; Bale et al. 2002; Samways 2005) . Our results showed that the positive correlation was found between B. oleae abundance and the temperature degrees and its larval parasitoid. Significant differences were not achieved between B. oleae abundance and the relative humidity and its larval parasitoid in both regions.
Climatic changes lead to that the temperature increases had caused modifies in the species dissimilarity and apportion. It will exchange for the distribution of many insect species in different grades (Hickling et al. 2005) . It had been realized that global warming affects the single species and communities in the form of range shifts and extinctions (Walther et al. 2002; Root et al. 2003; Battisti 2004) . Effect of temperature on physiology and development insects can be directly or indirectly through the physiology or life of hosts. Some insects can be several years to full one life cycle. These insects (arctic moths) will be inclined to temperate temperature variability over the route of their life history. Crop insect pests numbers are "stop and go" developers in relative to temperature, so they develop extra quickly during periods with appropriate temperatures. It has been assessed that with a 2.0 o C temperature increase, insects might increase from one to five additional life cycles for each season (Yamamura and Kiritani 1998) . In a recent study, Abd found that in the moist region, El-Behera (2017 season), positive correlation and significant were found between the temperature and the numbers of olive fly. While the negative correlation was found between relative humidity % and the numbers of olive fly with traps. This result gives an indication that there is a climate change that occurred from 2016 to 2017. Warming weather could decrease the occurrence of severe cold events which could enlarge the overwintering locale for insect pests (Patterson et al. 1999) . The effects of warming could be increased levels of feeding and growth, including the possibility of additional generations in a given year (Cannon 1998) . Migratory insects might arrive earlier to the area which they were able to bitter winter till be expanded. Natural enemies and host insect populations might be responding differently to changes in temperature. Parasitism could be reduced if host populations emerge and pass through vulnerable life stages before parasitoids emerge. Hosts might be passing through vulnerable life stages more quickly at higher temperatures, reducing the window of opportunity for parasitism. The temperature might change sex ratios of some pest species such as thrips (Lewis 1997) potentially affecting reproduction rates. However, insects that spend important parts of their life history in the soil might be extra slowly affected by temperature changes than above ground. This was because soil provides an insulating intermediate that will be likely to bumper temperature changes more than the air (Bale et al. 2002) . In lower winter, the mortality of insects could be important in increasing insect populations (Harrington et al. 2001) . There was also the prospect of new pests which might be become much more important as a result of increased temperature due to global warming. Climate change is likely to involve a higher frequency of abiotic disturbance. Depending on the dimension of the disturbance, local to regional dynamics of insect populations and species composition will be strongly affected insects find optimum conditions for development within a certain range of temperature limited by speciesspecific lower and upper developmental thresholds. These alterations and gradual changes might be affected by the population dynamic parameters like development and reproduction, diapauses and winter mortality, and flight and dispersal (Bale et al. 2002) . There were few scientific evidence on the effect of precipitation on insect pest population and their growth. Some insects were sensitive to precipitation and are killed or removed from crops by heavy rains. In some northeastern US states, this consideration is important when choosing management options for onion thrips. However, some insects that bitter winter in the soil, such as cranberry fruit worm and other cranberry insect pests, flooding the soil had been used as a control measure (Vincent et al. 2003) . It is predicted that more common and strong precipitation actions predicated throughout climate might change have negative impacts on these insect pest populations. Temperature and precipitation changes could impact insect pest predators, parasites, and diseases resulting in a composite dynamic mode. Fungal pathogens of insects were favored by high humidity, and their incidence would increase by climate changes that grow longer periods of high humidity and reduced by those that result in drier conditions.
Conclusion
Climate change had become a key worry in this era, especially in agriculture. The increase in temperature and consequentiality is affected by the relative humidity, whether high or low, resulting in the effect on the natural plant growth from early or delayed growth. Also, the organisms, the insect pests, and the associated biological enemies were changed from its development. However, there is excessive insects or disappearance of these types of insects. In this study, the two consecutive years showed positive and negative relations between the survey of the olive fly and parasites associated with it. The results revealed that the linear regression for the temperature and P. concolor parasitoid with B. oleae numbers were significant. While the relative humidity % was no significant effect for during the two seasons.
The results showed that the role of temperature would be more effective than relative humidity % on B. oleae fly and its larval parasitoid.
The results indicated that the numbers of the parasitoids were increased from the first season to the second season. We noticed that the parasitoids percentage was increased during the two seasons. We expect that the average annual temperature rise over the next 10 years will lead to a decrease in the population of the olive fly due to the non-adaptation of heat to its various stages and the death of large numbers of them. Of course, the parasite population will decrease as a result of the lack of a host preferred.
On the other hand, the insect may become more virulent and adapts to constant thermal changes.
Further, more studies should be carried out on climatic changes and their relationship with the development of insect pests and their natural enemies.
